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ADSTRACT 

. Wraparound contact solar cells have both nega- 
tive and positive electrodes on tttc back side of; 
the device* A brief history of the development of 
the wraparound contact cell Is given* Fabrication 
techniques and the performance of the present high 
efficiency devices arc discussed. 

Solar cells with wropnround contacts provide 
the following advantages In array assembly. 

(1) Ellmlnote the need for discretely formed, 
damage susceptible series tabs. 

(2) Eliminate the n gap problem by allowing tlic 
use of uniform coyers ever the entire cell surface, 

C3) Allow a higher packing factor (more cells 
per unit area) by reducing the additional series 
spacing fprmly required for forming, and routing the 
aeries tab > 

(4) Allow the cell bonding to the interconnect 
system to be a single-side function wherein series 
contacts can be made at the same time parallel con- 
tacts are made* Automated assembly becomes feasible 
I thereby reducing labor and costs* 

Particular emphasis will be placed upon cell 
’ lay-down and cell blanket fabrication for the 25 kW 
SEP array which Is expected to be the first large- 
. i scale space application of the wraparound contacted 
cell* 


WRAPAROUND CONTACT SOUR CELLS arc photovoltaic de- 
vices wlcli both positive and negative electrodes on 
the back (nonlllumlnated) side of the cell. There 
arc two types of wraparound cells, tlic wraparound 
junction and the wroparoupd Insulator types shown 
In figure 1. As shown, either the junction or an 
Insulator layer extends ovcic the edge and wraps a- 
round to the back of the cell* In both types the 
metal contacts also wrap around. A wide variety of 
cell geometries Is possible. Some of them are 
shown in figure 2. 

Wraparound contact offer several important ad- 
vantages* The active Illuminated area can be in- 
creased by removln,) the main bus bar from the front 
of the colli This can result In a 5 to 7 percent 
increase In short circuit current and power output 
ns long as voltage ond curve factor are not reduced 
by the wraparound design* Other advantages Include 
easier cover glass application and more complete 
protection and simpller cell Interconnection and ar- 
my assembly* These ore discussed In greater detail 
In the following sections of this paper. 
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Despite the putentiol advantages there have been 
several barriers to the use of wraparound cells. 

The major disadvantages of wraparound cells en- 
countered in the past arc 1) lower efficiency than 
conventional cells, 2) lack of production capability 
and apace flight testing, and 3) higher cost than 
conventional colls* Now wraparound technology lias 
been brought to a stage where these negative factors 
arc being overcome* As a consequence, wraparound 
cells will find Increasing use in space missions, 
particularly for uses ns represented by the Solar 
Electric Propulsion (SEP) array. 

The purpose of this paper is to present the 
status of wraparound contact cell and arroy technol- 
ogy. The early, lilatory of the wraparound, coll and 
Che systematic development efforts which have ot- 
tafkod and solved the problems and broken the bar- 
riers to the une of wraparound cells in space are 
presented. Future development trends are also dis- 
cussed. The 25 kilowatt array for solar electric 
propulsion, the first space use of wraparound cells, 
Is also described, 

EARLY CELL DEVELOPMENT 

The first practical solar coll was demonstrated 
In 1954 (1)*, It was a wraparound junction cell 
without wraparound metal. Serious defects which 
limited efficiency were high series resistance, re- 
combination losses and reflection losses, TiiA first 
commercially produced cells were similar to tills 
cell, circular with deep p on n wraparound junctions 
without wraparound metal. Fabrication difficulties 
resulted In low production yields. The series re- 
sistance problem was solved by putting the p contact 
on the front of the cell. These separate front and 
back contacts became the convention throughout the 
Industry. Thus at on early stage In solar cell de- 
velopment the benefits of wraparound contacts were 
lost. In 1958 the first U.S. satellite, Explorer 1, 
was launched, ffter 1958 development efforts con- 
centrated on conventionally contacted, rectangular 
cells for space use. Grid fingers further reduced 
oories resistonce and made shallower junctions pos- 
sible. Other developments Included better antire- 
flection coatings and n on p cells with coverglassos 
to reduce radiation domage in cartit orbit. After 
these early advances In the 1950's, little major 
progress in silicon solar cell technology was made 
in the 1950 's. Average efficiency of conventionally 
contacted production quality tells was about 11 per- 
cent ait mass zero (AMO) . 


*Numbor In parentheses designate references at end 
of paper 
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In 190A till- NASA Coiltlard Space Hl(!lU Center 
BpoiiHiired tin effort (2) In wliieli a few Uuadretl wrap- 
around cello were tiude and uouembled Into modules. 
I'lic rellii bad wraparound Junctlonn and metalliza- 
tion. They had 5 percent greater active area than 
cunventloiial celln and efflclenceo f about 10 per- 
cent AMO, Tlte purpoue of the worlt wao to demon- 
strate the feasibility of wraparound cells and their 
uuefulnesa for advanced array aaoembly mothodu, 

Tlierc were no spacecraft at that time which required 
wraparound cells, no no furtlicr work was supported, 

IffiAPAUOUND CELL DEVELOPMENT 

EXl’LORING AND UPGRADING WRAPAROUND TECHNOLOGY - 
In 1971 the NASA Lewlo Research Center began a se- 
ries of development contracts to Improve the per- 
formance of wraparound cells. The first contracts 
wore exploratury In nature, tbclr purpose being to 
oatabllab acblev.iblo porforniance, to develop produc- 
tion tccbnlquea, to ovaluntc different wraparound 
methods and cell designs and to obtain Information 
on production costs of wraparound cells. Two solar 
coll manufacturers were funded for this work. Re- 
sults of one contract Indlc.atcd that production 
costs were close to those of conventional cells (3). 
It was determined tliat further developments needed 
to achieve high volume production included wrap- 
around Junction dlffupion and contact application 
tcclinlgues. Both Junction end insulator wraparounds 
wore evaluated In the other contract (A). Thin 
loycrs of Insulator materials (S102 and AI 2 O 2 ) were 
vacuum evaporated but had pinholes wlilch resulted In 
partially shorted cells. These wraparound junction 
colls also had Increased scries resistance due to 
loss of rear P contact area. Cell handling methods, 
tooling and the effect of edge damage and surface 
flnlsii on curve factor and mctol adherance were In- 
’'ostignted. The tradeoffs hotwooii junction depth, 
curve shape and scries resistance were explored and 
optimized. In each contract, one thousand cells 
were made with nverago efficiency of about 11 per- 
cent. 

In the next phase of this work (5) , beginning 
in 1973, various technological advi ncos were Incor- 
porated into the wraparound Junctlc i cell. These 
Included shallow Junctions to Improve blue response, 
back surface fields to Improve voltage and current, 
thin, closely spaced grid lines to increase active 
area and current, and nntlrcf Icctlvc coatings with 
low absorption and refractive index better matched 
to silicon, Shnl lower Junctions were aclilcvod but 
wore degraded by the standard titanium contact meth- 
od and demonstrated the need for an alternate con- 
tact tccmilquc. 

Slmllower junctions required finer grid line 
geometries which led to the use of bimetal masks. 

Due to economic consldcreCions photoresist masks and 
multilayer antiflection coatings were not used. 
Evaporated tantalum pcntoxldc was used for the AR 
coating. 

Back surface fields were made with both alumi- 
num and boron with the former giving slightly better 
results. This work denionstrnted that the back sur- 
face field effect could still be a'scleved even when 
n pads mi the hock surface were present. Edge de- 
fects, poor adherance of the contact metal to the 
edge of the cell end increased scries resistance due 


to a loon of hock eoiUnct area were still problems, 

A center opine wraparound configuration (fig. 2) 
was adopted. It had the advantage of minimizing the 
amount of metal on the edge which could encounter n 
defect hut the disadvantage of increasing contact 
area on tlic front of the cell. Wraparound cells 
2 by 2 cm In ulzc averaging about 11 percent AMO 
efficiency were made. The need for Improved fill 
factor and volume production ciipablllty were rec- 
ognized. 

EXTENDING WRAPAROUND TECHNOLOGY - In the con- 
tinuation of this work (G), beginning in 1975, a 
chromium-pallndium-silvcr contact system with good 
edge adherance was developed ond ndapted t'> mase 
production. The adherance of the CrPdAg contact; 
was not dependent on the onglc of incidence of the 
evaporated motal and the silicon wafer ns previous 
contact metals had been. This enabled rotation of 
the coll during contact evaporation and allowed 
simpler tooling chat made possible high volume pro- 
duction of wraparound contact cells. 

This now contact metallurgy p]un the technology 
Improvcraonts previously developed were incorporated 
into a 2 by 4 by 0.02 cm cell with a wraparound con- 
tor spin configuration. One thousand of these colls 
wore produced usln/j normal volume production proce- 
dures. Their average efficiency was 11.2 percent 
AMO. These ccllf. satisfied the requirements of the 
Solar Electric Propu'.slon project of the NASA 
Marshall Space Flight Center, described below. 

This cell, although hotter than any wraparound 
high volume produced at that time, still had limita- 
tions. The use of a spine type top contact nulli- 
fied the increased active area advantage of the 
wraparound. In addition, t'hore wore limitations on 
the size and location of the rear n pads due to hack 
contact losses and series resistance increases. 

Tliurf the wraparound Junction cell had reached Its 
performance limit. Its heat technical features were 
the shallow, gaseous-diffused Junction, the evapor- 
ated CrPdAg contacts which produced narrow, closely 
spaced grid lines, and evaporated Ta 20 s antircflec- 
tlon coatings. It was recognized that successful 
dielectric Isolation would remove these limits by 
not requiring a wraparound junction and insulating 
the n and p contact metals from eath other. With a 
wraparound Insulator the center spine is not needed 
and the n contact ovorloya the p contact wlti out de- 
creasing Its area and increasing series resistance. 

Beginning in 1975 (7) a series of programs 
funded by NASA Lewis Research Center developed low 
cost techniques for fabrication of space solar 
cells. Feasibility for a cell fabrication process 
based on Bcrecrt printed contacts and BSP layers and 
spin-on antireflection coatings and dopants on a 
texturized surface was shown. In 1976 these low 
cost techniques were extended to a wraparound con- 
tact cell (8), About 1850 cells were made using a 
low cost process sequence. They had an average uf- 
Oiclency of about 10.9 percent AMO, These cells 
were 2 by 4 by 0.025 cm and incorporated most of tlie 
low cost technology previously mentioned. The per- 
formance of these cells was limited by the large 
area grids which masked active area and by the spin 
on antireflection coating which had poor short cir- 
cuit enhancement. 

The low cost approach resulted in two key tech- 
nologies which can be described as breakthroughs. 
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Vlrut, tliQ Bcroon printed wraparound dielectric, 
wUlcti was fane and cany to apply, provided a very 
Bood, adherent, pinholc-froe InnulntlnB layer, the 
Bccond breakthrough CcctmoloBy wan the ncreen-* 
printed aluminum back nurfaco field. Ic provided 
excellent voltage enhancement with n font, cany and 
extremely reproducible proccon. 

WRAl’AROUND ADVANCEMENTS - The beat fenturea of 
the vacuum proceao wraparound Junction technology 
( 6 ) and the low coat wraparound inaulntor tcchnol- 
ogy ( 8 ) dcucribed above wore combined In the next 
phnae of the work, beginning in early 1977 tlio 
beat coll tochnologica ahown In table I were ex- 
plored and Integroted to produce cello with effl- 
clcncloa in cxccaa of 15 percent AMO (9, 10). It 
la expected that thla combined tcclinology Enbrlca- 
tlon proceos will result In high efficiency wrap- 
around contact (IIEWAC) cells with avernge efficiency 
of 1A.5 percent AMO in production quantltieo. The 
IIEWAC coll baa ollmlnntod the foaturca of wrop- 
around cclla which limited performance in the pnats 
c.g., no center spine or bus bar that removea active 
area, no need to remove p contact area to make room 
for n coatoota and no plnliolea or aborting of the 
Insulator to limit cell performance. The IIEWAC coll 
hoa Incorporated tht beat oapecta of cell technology 
c.g. , thin grid flngera, Itigh performance 10305 
anblrcflcctlon coatings, texturizing, past hack sur- 
face field and shallow Junctions, tlic IIEWAC cell 
represents the culmination of a long aeries of dc- 
volopmont efforts, 

FUTUKE CELL DEVELOPMENT TRENDS 

Future space mlsslona such aa solar electric 
ion propulalon for cainct rendezvous and orbittlng 
solar power aatcllltos are under study. These mis- 
sions may use thin, light weight solar celle in 
large arrays which can bast use the advantages of 
wraparound contacts previously dlacusscd. Creating 
wraparound contacts In silicon wafers with only 
50 pm thicknesa presenta a new set of technological 
problems. Those problems include developing faUtl- 
ention procoSSos with nocoptnblo yields, maintain- 
ing higli cell efficiency and butldlnp a coll struc- 
tuta tliac can withauand the rigors of array assembly 
and the apace environment. These problems have been 
Investigated for conventional contact cells with 
good results (U). Extending thla work to a wrap- 
around doslgn Jr extending the IIEWAC technology to a 
thin cell appears likely in the future. 

A new category of solar cells, rear junction 
devices, arc thin and light in weight and hove both 
contacts on the nonilluminntcd side. Roar Junction 
devices include the Interdigitntcd back contact cell 
(12) and the tandem Junction cell (13). Their prin- 
cipal feature is a combllkc Interlocking p and n 
Junction region on the buck of the cell as shown in 
figure 3. Results to date Indicate that they may 
also produce light weight, high performance space 
quality cells. Four rail thick cells have been made 
with 10 percent cfClcleDcy and with better mctnliza- 
tlon are expected to yield 12.5 percent air mass 
zero efficiency (13). 

Wraparound and rear Junction cells arc examples 
of a broad class Of devices in whiclv the positive 
and negntive electrodes are coplnnsr on the bock of 
t)ie cell. A new name, "Coplonar Back Contact" j 
(CDC) cells has been coined to describe these de- 


vices, CBC cells include the Interdlgltutcd back, 
the tandem Junction, the wraparound Innulator and 
the wraparound Junction coll. All the odvnntagcii 
of wraparound contact cells previously discussed 
also apply to CBC colls. Future development work 
may expand nnd/or refine CBC design. 

advantages ok WRAPAROUND CONTACT CEbbS 
IN ARRAY fabrication 

Wraparound contact solar cell dovelopmont has 
been supported by NASA prlronrDy to Caellltnto low- 
cost fnbrlcotlon of largo area solar arrays for 
space, the individual cell coveting operations and 
tho coll bonding operations are conaldorobly simpli- 
fied compared to conventional contact solar cells. 
This simplification results in the wraparound con- 
tact coll design being amenable for use In future 
highly automated coll assembly laydown operations 
that ore necessary for low-coot largo area solar 
array fabrication. 

SObAR CEbb COVERING - From the Individual oper- 
ation viewpoint, the wraparound contact solar coll 
is easier to cover thon the conventional contoct 
coll. This is bbcousc the total wraparound contact 
cell front surface is covered by the glass and the 
orientation of tho cover with respect to tho "n" 
contact and the avoidance of an n gap need not bo 
considered. Two adjacent edges of the solar oftll 
and of tho cover arc held In matching position wh^le 
the cover adhesive cures. Automated glnsa covering 
of solar cells wirh both conventional contact and 
wraparound contoct designs has been dcinonsttatcd 
with the need for ths covering machine to sense the 
position of tho front surface "n" contact bur being 
eliminated with the wraparound contact coll. The 
possible future use of clear plastic film materials 
as n means of covering multiple solar cell nssom- 
blics and encapsulating electrical modules is also 
facilitated by tho absence of front contact bonds 
when wraparound contact colls ace used. 

SObAR CEbb BONDING - Tho Individual coll bond- 
ing operation using the wraparound contact coll is 
Simplified when the cell assembly is used as part 
of an appropriate solar array system. The SEF 
(Solar Electric Propulsion) solar array utiilzos a 
flexible printed circuit substrate in which the 
etched inccol InCecconnoct traces are encapsulated 
between two sheets of Knpton polyimide film 
(fig. 4) . Tho uoe of the printed circuit or inte- 
gral Intccconnoct system has major advantages: 

(1) Weight and assembly functions ore elirain- 
otod by not requiring nn adhesive Co mechanically 
mount Interconnected cells to the substrate. Tho 
eloctrlcsl joint la the mechanical Joint. 

(2) Thin foils oE the interconnect metal arc 
accommodaced, protected and held in exact registra- 
tion by the encapsulating layers through the ss- 
scmbly process. 

(3) A wide varict)' of interconnect stress 
rellcf-gcoinctric patterns can be incorporated by 
precise step and repeat camera photographic pro- 
ccsBcs to form the circuitry for the entire electri- 
cal module. 

AlChoUgb, as shown in figure 4, conventional 
contact solar cells can be accomodated by the Into- 
gr.-»l ’ntorconnect design, the wraparound contnoted 
cell offers additional ndvantngca: 
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(1) Tins need tor dlncrctcly formed, dnmego sub- 
ccptlblc Bcrlco toba lu ollinlnaccd. 

(2) Tlic n gn|) problem la eliralnnted by ollouliig 
cbo uac of uniform covera over tbo cnrlrc cell aur- 
fuCQ, 

(3) A hlRbor cell pneking foctor is nllowcd by 
reducing tbe additional oecicn apnclnB formerly re- 
quired for CqrmtuE end routing t!ie ncrlea tab* 

W) Cell bonding to the interconnect oyatem 
bocomoa n alngle Bided function uliorcin scrica con- 
tactu ean bo made at tlie anine time nu parallel con- 
eactBi Automation of coll bonding in almpllfied re- 
ducing labor and coata, 

in the flniubcd aubatratc dualgn, the intcr- 
conneet metal la expoaed on botli aidca of tbo aub- 
atrntc at metal pad locations. The intorconncct 
pad locntlonn coincide vlth the locntionB of tbo 
wr-pnroond contact solar coll backolde contncea, 
both tt and p. The reaultlug combiiuitlon of tbo 
urnparonnd contact aolar cell design and the eub- 
otpate design allows tbt solar coll assembly to bo 
indexed face down on a supporcing tool and to be 
covered with the noxlblo substrate. The Intercon- 
nect pads cun contact the solar cell contactfl below 
and a bonding tool has access to the interconnect 
pndn from above. All bonds arc then made from one 
Bide of the substrate. 

Modules built ualng this technology have been 
tlicrmal tested by the ttaralmlL Space Flight Center 
In the SKP Solar Array Teclmology Progivaui The pur- 
pose of tho testing was to determine tlie meclmnlcal 
and eloetrlc.'il integrity of tho cell interconnect 
system when exposed to thermal cyolcs over a wide 
temperature range (-135° to +80° C). The best mod- 
ule tested had 5 percent bond failures after 7^00 
cycles. Tills percentage is not oxcesslve for this 
stage of development. Those test results ate prom- 
ising and provide confidenao that tho reliphility 
Coqulced by moat mlsslonB can be achieved at rCnBon- 
able coats in a dcvelopmant program. 

PRESENT MODULE FABRICATION WITH* 

WlAPAROUND CONTACT CELLS 

Tlie mctliods presently used in the SEP solar ar- 
ray program for wraparound contact cell laydown em- 
ploy a hand-loaded vacuum tool in which individual 
ceil nsBOmblicB are placed face down between sliim 
projections in the face of tho tool. The cell os- 
sombly is a covered aolar cell. The total projec- 
tions fix the correct relative position of the total 
number of cells that the tool will hold. The tool 
ia then fixed on a parallel-gap weld station. The 
array aubstratc is manually poaitloned over tlie so- 
lar cells and fixed in place. A numerically con- 
trolled system then automatically steps the table 
under the weld electrodes and initiates tlie welding 
operation. Following tho weld pulse, the cells and 
substrate are similarly stepped to tlie next position 
until all the cell bonds for the cells on tho tool 
aro completed. Thus preSopt modulo fabrication usee 
only one weld at a time. The substrate with cells 
is lifted and tho empty welding tool la manually re- 
moved and reloaded. The full tool is replaced on 
table, the substrate Is again manually positioned, 
and numerically controlled welding sequence is re- 
peated. Tlie size of the substrate module C28 in. 
by 7 ft for SEP) that is handled as a unit is limit- 


ed to that which can bo reasonably moved about and 
pulso illumination tested with avallnhlc light 
aourccs. It is nlao made as largo no pounlble to 
limit the number of iiiodtilca that arc handled to 
fabricate a Inrgo area oolar array, 

FUTURE AUTOMATED FAPRICATEU WITH 
VflbU'AKOUND CONTACT CELLS 

Teclmlques for roll-lnralnatlng large printed 
circuit solar array substrates aro being dcvcloiied 
by tbo Lockheed Mlsollc and Space Co. (LHSC) for 
NASA. Figure 5 illustrates tlie procesa. These sub- 
strates aro 3i( Indies wide and uji to 350 feet in 
length. Strips of this length can be processed by 
roll-lnrolnntlng or by clcctrodcpositlng metal on the 
Kapton film. Following tho etching of the coll in- 
terconnect circuit, the Kapton tovorloy la roll lam- 
inated over tlie circuit to complete Ita encapaula- 
clon, A laser aklvlng operation is used to remove 
tho Kapton plus adhesive from tlm pads in tlie inter- 
connect system (bot)i aides of the aubutrate) so that 
welding electrodes and the coll surface have access 
to the metal Intorconncct. Solar cell modnlc asacni- 
bly J.B now ready for coll assembly laydown, 

Studies of the automation of the cell ussembly 
laydown operation allow that tho wraparound contact 
coll is quite compatible with the variouc automation 
tooUniqueB proposed, Thla Is bccouRu only ono Bide 
of the coll assembly need be presented for all the 
bonding operations. The initinl degree of automa- 
tion in large area aolar array fabrication is ex- 
pected CO accomplish Che automation of tho opera- 
tions described above under "Prcaont Module Fab- 
rication'' for an electrical module of sufficient 
size to demonstrate feasibility of processes, l.c,, 
coll and aobstrato registration and cell to inter- 
connect welding, The first operation of this future 
automatud proceaa involves the antoroatic diaponslng 
of individual cell assemblies. This operation uses 
cell assembly storage cassettes, rolls, tapes or 
cartridges, Tliose devices aro manually loaded by 
tho cell vendor or may be automatically loaded by 
Che cell vendor in tlie last stop of an automated ac- 
ceptance and cell performance grading operation. 

The next operation requires Clio automatic plac- 
ing of the colls ip proper position on a welding 
support tool and tlm holding of this position until 
bonding Is complete, This may be a batch operation 
with one or more support tools shuttling between 
loaders and the weld station or a complete electri- 
cal module too" clint is loaded prior to the start 
of welding. Tapes carrying the solar cell assem- 
blies may be used to feed Che upside down colls into 
a support tool just in front of the welder. This 
must occur under the substrate as the welder moves 
over the fixed substrate or an alternate approncli 
has a table supporting the substrate as the sub- 
strate movoa under the welder and over the cell sup- 
port surface that ia being fed cell asBcmblies for 
welding. The control and positioning of the array 
aubatrato over the solar coll must be indexed to the 
position of the interconnect trace in the substrote. 
This may be accomplished optically with special tabs 
in the interconnect trace being used to key the 
proper registration of the substrate. 

As tlie technology of automated solar array mod- 
ule fabrication matures, gang welding with multiple 
welding heads will progress from four-head stations 
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whore ull hondu oi> a nlticlo coJLl aro made In one 
step to ''(0-tioail (itationu with the niitotnatic supply 
and rcBiutratlon etipahlllty for the [lubutrateu ami 
the wraparotmd contact eella heluB ocalcd up alao. 

It Is expected tliat tins balance of coiitimiuua flow 
oporatloni) and line flow oporatluns where set]uciitlal 
atepn Iti the overall anscmhly tank arc performed at 
discrete, autoniiitlc work ntatlomi will be chunclnp, 
nti thu automated array fabrication system dcvelpps. 
Reduction of Inbor by automation of iiolar cell mod- 
ulo naaembly operatlonn will contribute ouhstan- 
tlully to the reduction of overall solar array 
coats. The Skyl.ib solnr arrays wlilcli were built 
In the late lObO's cont NA(!A approximately $bOO/W 
(1972 dollars), I'lie SRI‘ solar array with automated 
nnscmbly techniques will eost less than $400/W 
(1978 dollurs), 'flic Influenec of reduced labor on 
Che reduction of solnr array costs Is Illustrated In 
table II whore the cost of fabricating a SEP solar 
cell modulo is compared with a typical coat for 
fabrication of a inoJule of conventional design. 

The costs shown Cor the .‘lEP module reflect todays' 
methods of fabrication as doucrlhcd In the previous 
Section "Preuent flodulo Kabrlcatlou witli WraparouiKl 
Contact Colls." Autoimitcd fnbrlcntlon techniques 
of the types discussed above will further reduce 
tlieso costs. Even tliougli wraparound contuct cells 
cost more than conventionul contact cells, their 
development lias promoted reduction of costs in other 
expensive array fabrication areas thereby contri- 
buting to tlio reduction of overall solnr array 
costs, Continued development of the wraparound con- 
tact cell, can be expoctad to reduce the price dif- 
ference between the two types of colls, iind furtbor 
reduco the dollars por square foot dlffcroncc In 
price, 

SUMMARY 

Tiic wrnpnround contact cell has progressed from 
n primitive laboratory device to a spacq quality 
coll today. In the early 1970's efflcioncles of 
only about 10 percent were available , A continuing 
dcvolopmcnt program has attacked and solved tho 
problems wltli the early wraparound coll so that to- 
day offlclenclos In excess of 15 percent litivo been 
achieved. Future dovclopmoitt will sec wraparound 
or coplannr back contact colls decrease In thickness 
and weight and decrensa in cost. 

The wrnparoinui contact call is liighly amenable 
to automated low coat solar array fabrication and 
it's first use will be In the SFJ solar arr.iy, 
Wraparound contact coll covering with glans or or- 
gnnlc films is fncilltnted in both nmnual and auto- 
mated operations. Tho wraparound contact cell en- 
hances array panel deslgnn for fully nutom.ntod as- 
sembly. The parallel and serioa cell bonds can be 
made slraultanoounly resulting in significant snvings 
in assembly time. Tbls snvings is observed with the 
present array assembly techniques. Wraparound con- 
tuct colls will bo easily Imndled, transferred and 
bonded ns the devolopraont of lino Clow and contin- 
uous flow nutomotod array nasemhly techniques tnlccs 
place. 
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TABLE I, - WRAP-AROUND CONTACT SOLAR CELL PROCESSING FEATURES 


Cell feature 

Vacuum process 
W/A junction 
technology 
(ref. 6) 

Low-cost W/A 
Insulator 
technology 
(ref. 8) 

Combined low 
cost-vacuum 
process technology 
(ref. 10) 

Junction 

Gas diffusion* 

Spln-on dopant 

Gas diffusion* 

Contacts 

Evaporated CrPdAg* 
thin grids* 

Print-on past 
thick grids 

Evaporated CrPdAg* 
thin grids* 

back 

Evaporated A1 

Print-on Al* 

Prlnt-on Al 

Surface treatment 
AR coating 

Chemical polish 
Evaporated Ta20^* 

Texturized* 

Spin-on AR coating 

Texturized 
Evaporated Ta20^* 

Wrap-around 

method 

W/A junction 

Planar junction with 
W/A prlnt-on* 
insulator 

W/A print-on 
insulator* 

Efficiency 

11.2 percent AlfO 

10.9 percent AMO 

Est. 14.5 percent AMO 


*Best technology. 


TABLE II. - SOLAR CELL MODULE COST COMPARISON 


^ 

Compontrit 

Cost (dollnrs/square foot) 


SEP Solar 
array‘d 

Conventional 
solar array" 

1. Substrate (materials 
and labor) 

clOO 

. ' 

140 

2. Cell interconnect 
hardware 

Included in 
component 1 

380 

3. Cell to interconnect 
bonding 

C60 

190 

4 . Cell laydown 

Included in 
component 3 

SO 

Module fabrication subtotal 

160 

760 

5 , Cells and covers 

C2000 

1500 

6. Acceptance test 

20 

20 

7. Quality Assurance 

30 

30 

Subtotal 

2050 

1550 

Total module cost 

2210 

2310 


^Lightweight flexible substrate, integral interconnect, 
wraparound contact cell. 

hRigld substrate, conventional interconnect, conventional 
cell. 

‘^Automation of process will reduce these costs. 
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Figure 3. - Rear junction device. 
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Figure 4. - Integral interconnect substrate design. 
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Figure 5. * Manufacturing concept for substrate fabrication 
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